Rapeseed (Brassica napus L.) cultivars Modena, Okapi, Sarigol, Licord, Hyola308, Zarfam, RGS003 and SLM046 were at the research station of the Islamic Azad University of Firoozabad, Iran, in the 2009 and 2010 growing season for evaluation of grain yield and related traits. Weeds were, or were not, controlled. When weeds were controlled, simple correlation coefficients were significantly positive between grain yield and numbers of pods per plant, 1000-grain weight and numbers of pods on the main stem and significantly negative between grain yield and days from emergence to physiological maturity. When weeds were not controlled, correlation coefficients between grain yield and 1000-grain weight and plant height were significantly positive and negative, respectively. These traits seem to be suitable for using to improve grain yield. Using stepwise regression, with grain yield trait as the dependent variable and numbers of pods per plant, 1000-grain weight, days from emergence to physiological maturity and numbers of pods on the main stem, days from flowering to physiological maturity, plant height and 1000-grain weight as independent variables. Model determination coefficients were R 2 = 0.78 and R 2 = 0.72 when weeds were, or were not controlled, respectively. Path coefficients analysis indicated that direct effects of numbers of pods per plant and 1000-grain weight on grain yield were highest and positive when weeds were, or were not controlled, respectively, indicating that direct selection through these traits would be effective. Numbers of pods per plant and days from emergence to physiological maturity had the highest positive and negative indirect effects on grain yield when weeds were controlled. The highest positive and negative indirect effects on grain yield were also related to plant height and 1000-grain weight, respectively when weeds were not controlled.
INTRODUCTION
Rapeseed (Brassica napus L.) is an important oilseed crop (Basalma, 2008) . Rapeseed breeders aim to improve seed yield (Engqvist and Becker, 1993) . Seed yield is a complex character that can be controlled by several components having positive or negative effects on traits. It is important to examine the contribution of each component to determine which one has the greatest influence on seed yield. Information on the relationship of yield components and seed yield is important to a breeder in selecting a desirable genotype (Özer et al., 1999) .
Correlations between grain yield and yield related traits have been examined in rapeseed (Ali et al., 2003; Marinkovic et al., 2003) . Use of simple correlation analysis does not fully explain the relationship among the characters. Path coefficient analysis is a statistical tool developed by Wright (1921) . The advantage of path analysis is that it permits partitioning of correlation coefficients into components: One component being the path coefficient that measures the direct effect of a predictor variable upon its response variable; the second component being the indirect effect(s) of a predictor variable on the response variable through the predictor variables (Dewey and Lu, 1959) .
Genetic parameters were studied to determine selection criteria for yield improvement in rapeseed. Esmaeeli Azadgoleh et al. (2009) found that seed yield was significantly and positive correlated with numbers of pods per plant and numbers of seed per pod, with path coefficient analysis identifying numbers of pods per plant and numbers of seed per pod as having the greatest effect on seed yield, respectively. Sabaghnia et al. (2010) found that seed yield was positively correlated with plant height, days to physiological maturity, harvest index, pod length, numbers of pods per the main stem, numbers of seed per pod and 1000-seed weight. Sequential path analysis identified the 1000-seed weight as an important first order trait influencing seed yield. The 1000-seed weight could be used as a criterion in selecting for increased seed yield in canola (Ivanovska et al., 2007) . Basalma (2008) reported that plant height was negatively correlated with seed yield and 1000-seed weight. Hashemi et al. (2010) reported the positive, significant, relationship between seed yield and numbers of pods per plant, 1000-grain weight and pod length. Path analysis also indicated the direct effect of the number of pod per plant that can be good a criterion for selection in a rapeseed breeding program. Jeromela et al. (2007) reported that numbers of pods per plant had the best correlation with seed yield. Khan et al. (2006) reported the positive interaction between seed yield and plant height, numbers of pods per plant, numbers of seed per pod and pod length. Tuncturk and Ciftci (2010) found that seed yield was positively correlated with numbers of pods per plant, numbers of seed per pod and 1000-seed weight. Oyiga and Uguru (2011) found that seed yield was positively correlated with numbers of pods per plant in Bambara Groundnut (Vigna subterranean L. Verdc).
This research was undertaken to determine the correlation between grain yield and its related traits in rapeseed using sequential path analysis and identifying traits of genotypes, which may be useful in breeding higher-yielding genotypes in weed free and weedy conditions.
MATERIALS AND METHODS
A field experiment was carried out at the research station of Islamic Azad University of Firoozabad, Iran, (28.35°N, 52.40°E and 1327 m above sea level) in the 2009 and 2010 growing season. Treatments were arranged in a split-plot in randomized complete block design with three replications. Main plots were presence or absence of weeds and subplots were cultivars [Modena (G1), Okapi (G2), Sarigol (G3), Licord (G4), Hyola308 (G5), Zarfam (G6), RGS003 (G7) and SLM046 (G8)]. The soil was ploughed and cultivated before planting.
Based on the soil test, fertilizer treatments were applied at rates of 150 kg ha -1 of ammonium phosphate, 150 kg ha -1 of potassium sulphate and 60 kg ha -1 N from Urea prior to planting plus an additional 60 kg ha -1 N top dressed at the 7-leaf to 9-leaf stage. Seed were planted on December 14, 2009. Plots consisted of 6 rows 3 m long with plants spaced of 10 cm apart within row and rows spaced 30 cm apart. Plots were irrigated normally throughout the season. In weed free plots, weeds were removed by hand during the growth period. Ten plant samples were chosen from the middle of each row and days from emergence to flowering, days from emergence to physiological maturity, plant height, pod length, numbers of pods on the main stem, numbers of pods per plant, seeds per pod, 1000-grain weight, harvest index and grain yield were determined. Seed yield was measured at physiological maturity and yield adjusted to 12.5% seed moisture content.
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Data were tested for skewness, kurtosis and normality by Minitab (1998) statistical software. Phenotypic correlation and path analysis were performed in SAS (2001) . The phenotypic correlation between variable x and y (rxy) was estimated following Kwon and Torrie (1964) 
RESULTS AND DISCUSSION
Correlation analysis described interaction between traits ( Table 1) . The highest positive, significant, correlation was between days from emergence to physiological maturity and plant height in weed free and weedy plots. The highest significant, negative, correlation was between days from emergence to flowering and days from flowering to physiological maturity in weed free and weedy plots. Plant height was positively correlated with days from emergence to flowering in weed free and weedy plots. This relationship was probably due to the higher transfer of photosynthesis materials to shoots by late maturing cultivars compared to early maturing cultivars.
Grain yield had the highest correlation with numbers of pods per plant in weed free plots ( Table 1 Sabaghnia et al. (2010) , who reported that grain yield was correlated with numbers of pods per plant when weeds were controlled. The correlation coefficient between grain yield and numbers of pods per plant was not significant, indicating different genetic potential of rapeseed cultivars for these traits against weeds.
Positive correlations occurred between 1000-grain weight and grain yield in weed free and weedy plots, indicating that grain yield increase can be obtained if 1000-grain weight is increased. The same results were reported by Zang and Zhou (2006), Ivanovska et al. (2007) , Hashemi et al. (2010) and Sabaghnia et al. (2010) when weeds were controlled.
A positive correlation occurred between numbers of pods on the main stem and grain yield when weeds were controlled, but was not significant between these traits in the weedy condition (Table 1) . Numbers of pods on the main stem seems to be a suitable trait to improve grain yield when weeds are controlled. Sabaghnia et al. (2010) indicated that seed yield was positively correlated with numbers of pods on the main stem when weeds are controlled.
Days from emergence to physiological maturity were negatively correlated with grain yield when weeds were controlled, but were not when weeds were present. In plant breeding, decreasing days from emergence to physiological maturity trait is important for grain yield improvement (Yadava and Singh, 1999) . Ali et al. (2003) , Esmaeeli Azadgoleh et al. (2009) and Hashemi et al. (2010) found there was no correlation between days from emergence to physiological maturity and grain yield. Plant height was not correlated with grain yield when weeds were controlled (Table 1) . Tall plants can decrease grain yield via lodging and breaking, this trait may be used for grain yield improvement. Basalma (2008) and Esmaeeli Azadgoleh et al. (2009) reported similar results for these traits. However, Tuncturk and Ciftci (2007) , Hashemi et al. (2010) and Sabaghnia et al. (2010) did not confirm these results. Plant height was negatively correlated with grain yield under weedy conditions, indicating genetic potential of rapeseed for these traits against weeds. Plant height might be suitable for increasing grain yield under weedy conditions.
The correlation between the traits may be due to linkage or peliotropy (Adams, 1967) or environment (Aastveit and Aastveit, 1993) . Some correlation coefficients in weed free conditions were different from those of weedy conditions ( Table 1 ), indicating that these traits are influenced by weedy conditions.
Stepwise regression was run with grain yield trait as the dependent variable and numbers of pods per plant, 1000-grain weight, days from emergence to physiological maturity and numbers of pods on the main stem as independent variables. Model determination coefficient was R 2 = 0.78, most, R 2 = 0.32, was for numbers of pods per plant trait when weeds were controlled (Table 2) . When grain yield was considered a dependent variable and days from flowering to physiological maturity, plant height and 1000-grain weight as independent variables, the model determination coefficient was R 2 = 0.72. Most of this, R 2 = 0.40, was for numbers of pods per plant trait under weedy conditions (Table 3) .
Since simple correlation coefficients do not give clear information about the interrelationship between causal and resultant variables, the correlation coefficient estimates were partitioned into direct and indirect effects to establish the intensity of effects of independent variables on dependent one when weeds were or were not controlled.
When weeds were controlled, the estimated correlation coefficient between numbers of pods per plant and grain yield was 0.562. The direct effect of numbers of pods per plant on grain yield was highest, 0.453. Direct selection through numbers of pods per plant would be effective to improve yield. Indirect effect of numbers of pods per plant via numbers of pods on the main stem was relatively high and positive (0.103). The indirect effects to the numbers of pods per plant via 1000-grain weight and days from emergence to physiological maturity was low positive (0.035) and negative (-0.029), respectively (Figure 1) . Tusar et al. (2006) , Ivanovska et al. (2007) , Tuncturk and Ciftci (2007) and Hashemi et al. (2010) found similar results in rapeseed reporting highest direct effect of numbers of pods per plant on grain yield.
Estimated phenotypic coefficients of correlation between 1000-grain weight and grain yield was 0.552, but partial analysis of correlation coefficients indicated moderate direct effects of 1000-grain weight on grain yield (0.319). The 1000-grain weight had relatively moderate indirect positive effects on grain yield via numbers of pods per plant, days from emergence to physiological maturity and numbers of pods on the main stem (0.050, 0.097 and 0.086, respectively) and affected that correlation to increase between 1000-grain weight and grain yield (Figure 1) . Ivanovska et al. (2007) and Tuncturk and Ciftci (2007) also reported similar results for 1000-grain weight.
Negative direct effect on grain yield was occurred due to days from emergence to physiological maturity (-0.487) . The corresponding correlation coefficient of this Figure 1 . Path-coefficient values estimated for grain yield and other traits in weed free condition. * and **: Not significant, significant at the 5% and 1% levels of probability, respectively. numbers of pods per plant (PP), 1000-grain weight (TGW), days from emergence to physiological maturity (DEM), numbers of pods on the main stem (PMS).
trait on grain yield was negative, -0.45. This was likely due to positive indirect effect of numbers of pods per plant (0.027) and numbers of pods on the main stem (0.074) and negative indirect effect of 1000-grain weight (-0.064) (Figure 1) . The negative direct effect of days from emergence to physiological maturity on grain yield was reported by Ali et al. (2003) .
The relationship between numbers of pods on the main stem and grain yield was 0.425. However, its direct effect was moderate (0.295) and likely due to indirect effects of numbers of pods per plant (0.159) and 1000-grain weight (0.093) (Figure 1) . The highest and negative indirect effect of numbers of pods on the main stem on grain yield was related to days from emergence to physiological maturity (-0.122) (Figure 1) . Sabaghnia et al. (2010) reported that days from emergence to physiological maturity had the highest and positive indirect effect on grain yield.
Path analysis under weedy conditions indicated that the total negative effect of days from flowering to physiological maturity (-0.298) on grain yield was the result of negative direct effects of days from flowering to physiological maturity (-0.312) and positive and negative indirect effects of plant height and 1000-grain weight (0.025 and -0.011, respectively). The total negative effect of plant height on grain yield (-0.413) seemed to be due to the negative direct effect of plant height (-0.317) and positive and negative indirect effects of days from flowering to physiological maturity and 1000-grain weight (0.025 and -0.121, respectively).
The direct effect of 1000-grain weight was 0.552 on grain yield (Figure 2) . The total positive effect of 1000-grain weight (0.628) on grain yield was likely due to Figure 2 . Path-coefficient values estimated for grain yield and other traits in weedy condition. * and **: Not significant, significant at the 5% and 1% levels of probability, respectively. days from flowering to physiological maturity (DFPM), plant height (PH), 1000-grain weight (TGW).
positive indirect effects of days from flowering to physiological maturity (0.006) and plant height (0.070).
Generally, direct effects of numbers of pods per plant and 1000-grain weight on grain yield were highest and positive when weeds were controlled and under weedy conditions, respectively, indicating that direct selection to improve yield with these traits would be effective. Numbers of pods per plant and days from emergence to physiological maturity had the highest positive and negative indirect effects on grain yield when weeds were controlled. The highest positive and negative indirect effects on grain yield were also related to plant height and 1000-grain weight, respectively.
